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BACKGROUND OF THE INVENTION 

1. Field of th Invention: 

The present invention relates to a reflective-type 
liquid crystal display panel without back-fight, and a 
method for producing same. 

2. Description of the Prior Art 

The recent rapid development of liquid crystal dis- 
play panels has paved the way to applications in many 
fields such as word processors, lap-top personal com- 
puters, and portable televisions. A special attention is 
being paid to a reflective-type liquid crystal display 
device without backlight, because the display device 
without backlight is lightweight, thin, and consumes 
less power. 

In conventional reflective-type liquid crystal dis- 
play panels a TN (twisted nematic mode) or a STN 
(super-twisted nematic mode) are used. In these 
modes a linear polarizer is necessarily used, but 
under the polarizer, half of the natural light is wasted 
in the display. Thus, even if an intensified natural light 
ts used, the image display tends to be dark. 

In order to solve this problem, a special mode is 
proposed for fully utilizing the natural light. For 
example, a cholesteric-nematic phase-change type 
guest-host mode is proposed by D. L White and G. 
N. Taylor ("J. Appl. Phys." 45, Page 4718, 1974). In 
this guest-host mode, a cholesteric liquid crystal, 
which Is a host liquid crystal, tends to change to a 
nematic phase under its own electric field. A reflec- 
tive-type multicolor display device Is also proposed, 
which is a phase change type guest-host system 
equipped with a micro color filter ("Proceedings of the 
SID', vol. 29, page 157, 198B). 

In order to display a brighter image in the mode 
in which no polarizer is needed, it is essential to inten- 
sify the light which tends to scatter perpendicularly to 
the screen. To achieve this, it is essential to control 
the surface roughness of the reflection plate. The sec- 
ond-mentioned literature teaches that the surface of 
a glass substrate is roughened by abrasives and then 
the roughened surface is etched with hydrofluoric acid 
for a controlled period of time, thereby securing an 
adequately flattened surface. The flattened surface is 
covered with a metal thin layer such as an Ag layer. 

However, the problems are that the reflective sur- 
face of the glass substrate must be first roughened by 
abrasives, thereby making it difficult to secure a 
uniform surface of the substrate. In addition, such 
rugged surfaces makes it difficult to reproduce the 
same pattern. 

SUMMARY OF THE INVENTION 

The refl ctive-typ liquid crystal display panel of 



this invention, which ov rcomestheab ve-discussed 
and numerous other disadvantages and deficiencies 
of the prior art, comprises a trans missive substrate 
including pixel electrodes, a reflection plate compris- 

5 ing a core plate having an uneven or rugged surface 
on a first surface thereof and a metal thin layer cov- 
ering the uneven surface of the substrate, a liquid 
crystal layer interposed between the substrate and 
the reflection plate. 

10 In a preferred embodiment, the uneven surface of 

the substrate comprises a repetition of hills and val- 
leys, the hills being arranged at not larger than 100 
jim. 

In a preferred embodiment, wherein the surface 

15 on which the metal thin layer is formed is disposed 
toward the liquid crystal layer. 

In a preferred embodiment, the metal thin layer 
functions as a counter electrode for the pixel elec- 
trodes with the liquid crystal layer being interposed. 

20 According to the present invention, there is a 

method for producing a reflective-type liquid crystal 
display device, the method comprising the steps of 
preparing a glass substrate, growing an oxide layer on 
a first surface of the substrate, etching the oxide layer 

25 of the substrate to form an uneven surface on the first 
surface of the substrate, and forming a metal thin 
layer on the uneven surface. 

Thus, the invention described herein makes 
possible the objectives of (1) providing a reflective- 

30 type liquid crystal display panel capable of improved 
optical characteristics, and (2) providing a reflective- 
type liquid display capable of economy in production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 

40 Figures 1a to 1d are diagrammatic views showing 

the process of fabricating a reflection plate 
according to the present invention; 
Figure 2 is a diagrammatic view exemplifying a 
method for measuring the reflex characteristics of 

45 a reflection plate; 

Figure 3 Is a view showing reflective character- 
istics of the reflection plate produced by the pro- 
cess shown in Figures 1a to 1d; 
Figures 4a to 4d are diagrammatic views showing 

so the process of fabricating a reflection plate 

according to another aspect of the present inven- 
tion; 

Figure 5 is a view showing the reflective charac- 
teristics of the reflection plate produced by the 
55 process shown in Figures 4a to 4d; 

Figure 6 is a cross-sectional view showing a ref- 
lection plate display using the reflection plate pro- 
duced by th process of Figures 4a t 4d; 
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Rgure 7 is a graph showing the relationship be- 
tween applied voltage and reflectivity in the ref- 
lection plate display device; and 
Figure 8 is a cross-sectional view showing a ref- 
lective-type color liquid crystal display device 
modified by adding a color filter to the reflection 
plate display of Figure 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Figures 1a to 1d ( a process for fab- 
ricating a reflection plate used in a reflective-type 
liquid crystal display device will be described: 

As shown in Figure 1 a, a glass substrate 1 1 (man- 
ufactured by Corning, Item No. 7059) having a thick- 
ness of 1 .1 mm is prepared, and an oxide is grown on 
one surface of the substrate 1 1 by sputtering so as to 
form an oxide layer 12 (Figure 1b). Oxides can be 
Si0 2 . Al 2 0 3 , Zr0 2 , SiO f T10 2 , Sn0 2 . ITO (indium tin 
oxide). The thickness of the oxide layer is preferably 
in the range of 0.01 to 1.0 um. In the illustrated 
example, Si0 2 was used and grown to a thickness of 
0.1 ujt». 

A liquid mixture of 25°C of one part of 47% hyd- 
rofluoric acid and 100 parts of 60% nitric acid at the 
ratio of 1 to 100 by weight was prepared. A glass sub- 
strate on which an oxide layer 1 2 was grown was sub- 
merged in the liquid mixture for 10 minutes to form an 
uneven surface 13 on the top surface of the substrate 
11. In this specification, the "top" and ■bottom 0 are 
relative words; in the drawing, the upper surface is 
called "top surface" and the lower surface "bottom". 

The uneven surface 13 includes a plurality of 
grooves which consist of hills and valleys alternately 
repeated. The hills are 0.8 um on average, arranged 
at average pitches of 5 um. The pitch means a mean 
distance between adjacent hills. The bottom surface 
1 0 of the substrate 1 1 is evenly etched to form no une- 
ven surface and maintains transparent. It Is not 
necessary to cover the bottom surface with a resist or 
the like. 

The uneven surface 13 of the substrate 11 is cov- 
ered with a metal thin layer 14 (Figure 1d). The metal 
thin layer 1 4 can be made of Al, Ni, Cr or Ag. The thick- 
ness of the metal thin layer 14 is preferably in the 
range of 0.01 to 1.0 urn. In this example, Ag was depo- 
sited to form the metal thin layer 14 by a vapor dep- 
osition method. In this way a reflection plate was 
obtained. 

The reflection characteristics are measured by 
the following manner 

When a reflection plate 15 is used in a liquid crys- 
tal display device, a surface of the reflection plate 
keeps contact with the liquid crystal layer. It is prefer- 
able to measure th reflective characteristics of the 
reflection plate as it keeps contact with the liquid crys- 
tal lay r. A liquid crystal layer and a reflection plat 



hav the sam r fractive index, that is, about 1.5. As 
a result, when th reflective characteristics is 
measur dfr mtheb ttom surface 10 of the reflection 
plate 15, no difference occurs in the measuring result 

5 from when they are m asured through the interface 
between the top surface of the reflection plate 15 and 
the liquid crystal layer 21 . In this example, the reflec- 
tion characteristics were measured from the bottom 
surface 10 of the glass substrate 11. 

10 . As shown in Figure 2, the reflection character- 
istics is measured by measuring the scattering light 
from an incident light to the reflection plate 15 by 
means of a photomultimeter 5. The incident light 3 is 
projected on the bottom surface 10 at an angle 9 to a 

15 normal 2. The photomultimeter 5 is fixed on the nor- 
mal 2 passing through a point at which the light is pro- 
jected on the reflection plate 15. 

In Figure 3, the reflective intensity of the light inci- 
dent to the normal 2 at an angle 0 is expressed in 

20 terms of a distance from the origin 0 in the direction 
of 0. The circle 32 depicted in dotted, lines was 
obtained when the reflection plate of magnesium 
oxide was used. The curve 35 of the reflection charac- 
teristics is similar to the circle 32, which indicates that 

25 the reflection plate 1 5 has similar reflection character- 
istics to those of the reference white plate (the mag- 
nesium oxide plate). The display device incorporating 
the reflection plate 15 of this example displayed a 
bright image. 

30 In the illustrated example, the average pitch be- 

tween one hill and the next was 5 jim, but up to the 
pitches of 100 urn, it was found that the same results 
as in the illustrated example were obtained. If the hills 
are formed with an average pitch of larger than 100 

35 u.m, the incident light to the reflection plate cannot be 
scattered In all directions. 

Referring to Figure 4, a modified process will be 
described: 

As shown in Figure 4a, a glass substrate (man- 

40 ufactured by Corning, Item No. 7059) having a thick- 
ness of 1.1 mm was prepared, and an ITO layer was 
deposited to a thickness of 0.1 \xm by sputtering to 
form an oxide layer 42 (Figure 4b). 

Oxides can be SI0 2 , Al 2 0 3t Zr0 2 , SiO, Tl0 2l 

45 Sn0 2 , ITO (indium tin oxide). The thickness of the 
oxide layer is preferably in the range of 0.01 to 1 .0 u.m. 
In the illustrated example, Si0 2 was used and grown 
to a thickness of 0.1 um. 

A liquid mixture of 25°C of one part of 47% hyd- 

50 rofluoric acid and 100 parts of 60% nitric acid at the 
ratio of 1 to 100 by weight was prepared. A glass sub- 
strate on which an oxide layer 42 was grown on the 
glass substrate 11. The glass substrate 11 was sub- 
merged in the liquid mixture for 1 0 minutes to form an 

55 uneven surface 43 on the top surface of the substrate 
1 1 (Figure 4c). In this way the substrat 1 1 is provided 
with an uneven surface 43 on one side. 

Th un ven surfac 43 includes a plurality of 
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groov s which consist of hills and valleys alt rnately 
repeated. Th hois are 0.5 urn with average pitches of 
5 um. The uneven surface 43 is cov red with a metal 
thin layer 44 by a vacuum method (Figure 4d). In this 
way a reflect i n plate 45 was obtained. 5 

The tching was continued for 12 minutes to form 
a reflecti n plate 46. This reflection plat 46 also 
includes hills and valleys alternately arranged whe- 
rein the hills were 0.6 jam high, and the average 
pitches were 5 urn on average. 10 

Figure 5 shows the curves 55 and 56 of reflection 
characteristics of the reflection plates 45 and 46. The 
reflection characteristics were measured by the same 
manner as described above with respect to Figure 2. 
The reflection plate 45 has a small reflectivity toward 1 5 
the normal to the reflection plate 55 when the inci- 
dence angle 6 is small, whereas, when the incidence 
angle 9 is large, the reflectivity toward the normal is 
large. In contrast, it wOl be understood that the reflec- 
tion plate 46 had the same reflection characteristics 20 
as those of the reference white plate (the magnesium 
oxide plate). In this way, by controlling a period of 
etching the reflectivity toward the normal can be 
increased as in the reflection plate 45, and the inci- 
dence light can be scattered in all directions as in the 25 
reflection plate 46. 

Figure 6 shows a cross-section of a reflective- 
type liquid crystal display device using the reflection 
plate 45. The device includes an active matrix sub- 
strate 20 and the reflection plate 45. The active matrix 30 
substrate 20 includes a transparent plate 23 such as 
glass, thin film transistors (TFT) 24 formed on the sub- 
strate 20, and pixel electrodes 25 connected to the 
TFTs 24. The pixel electrodes 25 and the TFT 24 are 
covered with an alignment layer 26. The reflection 35 
plate 45 Is covered with another alignment layer 27. 
A metal thin layer 44 of the reflection plate 45 func- 
tions as a counter electrode for the pixel electrodes 25 
with a liquid crystal layer being interposed therebet- 
ween; 40 

The reference numeral 22 denotes a liquid crystal 
confining layer between the active matrix substrate 20 
and the reflection plate 45. For example, the liquid 
crystal confining layer 22 can be made by screen 
printing in an adhesive sealing agent containing spac- 45 
ers of 7 urn. After the liquid crystal confining layer 22 
is formed, it is evacuated to produce a vacuum inside. 
Then, liquid crystal Is confined in the layer 22. In the 
illustrated embodiment a guest-host liquid crystal 
(manufactured by E. Merck) with 5% chiral material so 
(manufactured by E. Merck) was confined in the layer 
22 as the liquid crystal layer 21. 

Figure 7 shows the relationship between voltage 
and reflection characteristics of the finished reflective 
liquid crystal display device. The reflectivity was 55 
measured with the r flectiv liquid crystal display 
device placed at the position where the reflection 
plate 15 was placed in Figure 2. The v rtical axis indi- 



cates the r sistivity, and the horizontal axis indicates 
the applied v Itage b tween the pixel electrode 25 
and the metal thin lay r 44 (counter I ctrode). The 
resistivity of a light incident at an angle of 30° was 
measured by obtaining the ratio of the intensities of 
light diffusion along the respective normals to the 
r f r nee white plate and th display device. As 
shown in Figure 7, the reflectivity when the voltage 
was applied was 50%, and the ratio of contrast was 
27. 

In the illustrated embodiment, as the surface on 
which the metal thin layer 44 covering the reflection 
plate 45 is positioned toward the liquid crystal layer 
21 , no parallax is caused, thereby securing a satisfac- 
tory image representation. In addition, the metal thin 
layer 44 functions as a counter electrode, thereby 
eliminating the necessity of forming an extra counter 
electrode. Thus, the manufacturing process is simpli- 
fied. 

In addition, as shown in Figure 8, the color filter 
28 is provided in each pixel electrode 25, and a black 
mask 29 is provided between the adjacent color filters 
28. In this way the reflective-type liquid crystal display 
panel of the present invention can be easily adapted 
into a reflective-type color liquid crystal display 
device. 

In the illustrated embodiment, the metal thin layer 
44 is formed after the oxide layers 12 and 42 are for- 
med on the substrate 11 but it is possible to abrade 
the substrate 1 1 on which an oxide film is formed, and 
after etching the abraded surface, to form the metal 
thin layer 44. Alternatively, it Is possible to form an 
oxide film on the glass substrate 1 1 after it is abraded. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
sent Invention, including all features that would be 
treated as equivalents thereof by those skilled in the 
art to which this Invention pertains. 



Claims 

1. A reflective-type liquid crystal display device 
comprising a transmissive substrate Including 
pixel electrodes, a reflection plate comprising a 
core plate having an uneven surface on a first 
side thereof and a metal thin layer covering the 
uneven surface of the first side, a liquid crystal 
layer interposed between the substrate and the 
reflection plate. 

2. A refl ctive-typ liquid crystal display device 
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according to claim 1 , wherein the unev n surfac 
of the substrate comprises a repetition of hOIs and 
vail ys, the hills being arrang d at not larger than 
100 tun. 

5 

3. A reflective-type liquid crystal display device 
according to claim 1 or 2, wherein the surface on 
which the metal thin layer is formed is disposed 
toward the liquid crystal layer. 

10 

4. A reflective-type liquid crystal display device 
according to claim 3, wherein the metal thin layer 
functions as a counter electrode for the pixel elec- 
trodes with the liquid crystal layer being inter- 
posed. 15 

5. A method for producing a reflective-type liquid 
crystal display device, the method comprising the 
steps of preparing a glass substrate, growing an 
oxide layer on a first surface of the substrate, 20 
etching the oxide layer of the substrate to form an 
uneven surface on the first surface of the sub- 
strate, and forming a metal thin layer on the une- 
ven surface. 

25 

6. A reflective liquid crystal display device wherein 
a liquid crystal layer is interposed between a 
transparent substrate which includes an array of 
image element electrodes, and a reflection plate 
which comprises a plate member having an une- 30 
ven surface and a thin metallic layer formed on 

said uneven surface. 
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D scriptlon 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a reflective-type liq- 
uid crystal display panel without back-light, and a method 
for producing same. 

2. Description of the Prior Art: 

The recent rapid development of liquid crystal dis- 
play panels has paved the way to applications in many 
fields such as word processors, lap-top personal com- 
puters, and portable televisions. A special attention is be- 
ing paid to a reflective-type liquid crystal display device 
without backlight, because the display device without 
backlight is lightweight, thin, and consumes less power. 

In conventional reflective-type liquid crystal display 
panels a TN (twisted nematic mode) or a STN (su- 
per-twisted nematic mode) are used. In these modes a 
linear polarizer is necessarily used, but under the polar- 
izer, hall of the natural light is wasted in the display. Thus, 
even if an intensified natural light is used, the image dis- 
play tends to be dark. 

In orderto solve this problem, a special mode is pro- 
posed for fully utilizing the natural light. For example, a 
cholesteric-nematic phase-change type guest-host 
mode is proposed by D. L. White and G. N. Taylor ("J. 
Appi. Phys." 45, Page 4718, 1974). In this guest-host 
mode, a cholesteric liquid crystal, which is a host liquid 
crystal, tends to change to a nematic phase under its own 
electric field. A reflective-type multicolor display device 
is also proposed, which is a phase change type 
guest-host system equipped with a mirco color fitter 
("Proceedings of the SID', vol. 29, page 157, 1988). 

In order to display a brighter image in the mode in 
which no polarizer is needed, it is essential to intensify 
the light which tends to scatter perpendicularly to the 
screen. To achieve this, it is essential to control the sur- 
face roughness of the reflection plate. The second-men- 
tioned literature teaches that the surface of a glass sub- 
strate is roughened by abrasives and then the rough- 
ened surface is etched with hydrofluoric acid for a con- 
trolled period of time, thereby securing an adequately 
flattened surface. The flattened surface is covered with 
a metal thin layer such as an Ag layer. 

However, the problems are that the reflective sur- 
face of the glass substrate must be first roughened by 
abrasives, thereby making it difficult to secure a uniform 
surface of the substrate. In addition, such rugged surfac- 
es makes it difficult to reproduce the same pattern. 

The document EP-A-0 084 930 discloses a reflective 
type liquid crystal display device having a substrate coat-, 
ed with a polymer resin on which a reflective metal film 
is deposited. The surface of the polymer resin has a 
curved surface formed by photolithographic processes. 



According to the present invention, there is provided 
a method of producing a reflection plate for a reflec- 
tive-type liquid crystal display device, including prepar- 
ing a glass substrate; characterised by growing an oxide 
5 layer on a surfac of the glass substrate, etching the ox- 
ide layer on the glass substrate so as to make said sur- 
face of the glass substrate uneven, and forming a thin 
metal layer on the surface to form said reflection plate. 
In a preferred embodiment, the uneven surface of 
10 the substrate comprises a repetition of hills and valleys, 
the hills being arranged at not larger than 100 um 

In a preferred embodiment, the surface on which the 
metal thin layer is lormed is disposed toward the liquid 
crystal layer. 

is (n a preferred embodiment, the metal thin layer func- 
tions as a counter electrode for the pixel electrodes with 
the liquid crystal layer being interposed. 

Thus, the invention described herein makes possi- 
ble the objectives of (1 ) providing a reflective-type liquid 

zo crystal display panel capable of improved optical char- 
acteristics, and (2) providing a reflective-type liquid dis- 
play capable of economy in production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Embodiments of the invention may be better under- 
stood and their numerous advantages will become ap- 
parent to those skilled in the art by reference to the ac- 
companying drawings as follows: 

30 

Figures 1a to 1d are diagrammatic views showing 
the process of fabricating a reflection plate accord- 
ing to an embodiment of the present invention; 

35 Figure 2 is a diagrammatic view exemplifying a 
method for measuring the reflex characteristics of a 
reflection plate; 

Figure 3 is a view showing reflective characteristics 
40 of the reflection plate produced by the process 
. shown in Figures 1a to 1 d; 

Figures 4a to 4d are diagrammatic views showing 
the process of fabricating a reflection plate accord- 
45 ing to another embodiment of the present invention; 

Figure 5 is a view showing the reflective character- 
istics of the reflection plate produced by the process 
shown in Figures 4a to 4d; 

so 

Figure 6 is a cross-sectional view showing a reflec- 
tion plate display using the reflection plate produced 
by the process of Figures 4a to 4d; 

.55 Figure 7 is a graph showing the relationship between 
applied voltage and reflectivity in the reflection plate 
display device; and 



3 



EP 0 467 659 B1 



4 



Figure 8 is a cross-sectional view showing a reflec- 
tive-type color liquid crystal display device modified 
by adding a color filter to the reflection plate display 
of Figure 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Figures 1 a to 1 d, a process for fabricat- 
ing a reflection plate used in a reflective-type liquid crys- 
tal display device will be described: 

As shown in Figure 1a, a glass substrate 11 (manu- 
factured by Coming, Item No. 7059) having a thickness 
of 1 .1 mm is prepared, and an oxide is grown on one 
surface of the substrate 11 by sputtering so as to form 
an oxide layer 1 2 (Figure 1 b). Oxides can be SiO a , AI^, 
2r0 2 , SiO, Ti0 2 , Sn0 2 , ITO (indium tin oxide). The thick- 
ness of the oxide layer is preferably in the range of 0.01 
to 1 .0 urn In the illustrated example, SiOg was used and 
grown to a thickness of 0. 1 urn 

A liquid mixture of 25°C of one part of 47% hy- 
drofluoric acid and 1 00 parts of 60% nitric acid at the ratio 
of 1 to 100 by weight was prepared. A glass substrate 
on which an oxide layer 12 was grown was submerged 
in the liquid mixture for 10 minutes to form an uneven 
surface 1 3 on the top surface of the substrate 1 1 . In this 
specification, the lop" and 'bottom" are relative words; 
in the drawing, the upper surface is called "top surface" 
and the lower surface "bottom". 

The uneven surface 13 includes a plurality of 
grooves which consist of hills and valleys alternately re- 
peated. The hills are 0.8 u.m on average, arranged at av- 
erage pitches of 5 nm. The pitch means a mean distance 
between adjacent hills. The bottom surface 10of the sub- 
strate 11 is evenly etched to form no uneven surface and 
maintains transparent. It is not necessary to cover the 
bottom surface with a resist or the like. 

The uneven surface 13 of the substrate 11 is cov- 
ered with a metal thin layer 14 (Figure 1d). The metal 
thin layer 14 can be made of Al, Ni, Cr or Ag. The thick- 
ness of the metal thin layer. 14 is preferably in the range 
of 0.01 to 1.0 |im. In this example, Ag was deposited to 
form the metal thin layer 1 4 by a vapor deposition meth- 
od. In this way a reflection plate was obtained. 

The reflection characteristics are measured by the 
following manner: 

When a reflection plate 15 is used in a liquid crystal 
display device, a surface of the reflection plate keeps 
contact with the liquid crystal layer. It is preferable to 
measure the reflective characteristics of the reflection 
plate as it keeps contact with the liquid crystal layer. A 
liquid crystal layer and a reflection plate have the same 
refractive index, that is, about 1.5. As a result, when the 
reflective characteristics is measured from the bottom 
su rface 1 0 of the reflection plate 1 5, no difference occurs 
in the measuring result from when they are measured 
through the interface between the top surface of the re- 
flection plate 15 and the liquid crystal layer 21. In this 



example, the r flection characteristics were measured 
from the bottom surface 10 of the glass substrate 11. 

As shown in Figure 2, the reflection characteristics 
is measured by measuring the scattering light from an 

5 incident light to the reflection plate 1 5 by means of a pho- 
tomurtimeter 5. The incident light 3 is projected on th 
bottom surface 10 at an angle 8 to a normal 2. The pho- 
tomultimeter 5 is fixed on th normal 2 passing through 
a point at which the light is projected on the reflection 

10 plate 15. 

In Figure 3, the reflective intensity of the light inci- 
dent to the normal 2 at an angle 9 is expressed in terms 
of a distance from the origin 0 in the direction of 0. The 
circle 32 depicted in dotted lines was obtained when a 

is reflection plate of magnesium oxide was used. The curve 
35 of the reflection characteristics is similar to the circle 
32, which indicates that the reflection plate 1 5 has similar 
reflection characteristics to those of the reference white 
plate (the magnesium oxide plate). The display device 

20 incorporating the reflection plate 1 5 of this example dis- 
played a bright image. 

In the illustrated example, the average pitch be- 
tween one hill and the next was 5 u.m, but up to the pitch- 
es of 100 M-m, it was found that the same results as in 

25 the illustrated example were obtained. If the hills are 
formed with an average pitch of larger than 100 urn, the 
incident light to the reflection plate cannot be scattered 
in all directions. 

Referring to Figure 4, a modified process will be de- 

30 scribed: 

As shown in Figure 4a, a glass substrate (manufac- 
tured by Coming, Item No. 7059) having a thickness of 
1.1 mm was prepared, and an ITO layer was deposited 
to a thickness of 0.1 nm by sputtering to form an oxide 
35 layer 42 (Figure 4b). 

Oxides can be Si0 2 , Al 2 0 3t Zr0 2 , SiO, Ti0 2l Sn0 2 , 
ITO (indium tin oxide). The thickness of the oxide layer 
is preferably in the range of 0.01 to 1 .0 urn 

A liquid mixture of 25°C of one part of 47% hy- 
40 drofluoric acid and 1 00 parts of 60% nitric acid at the ratio 
of 1 to 100 by weight was prepared. A glass substrate 
on which an oxide layer 42 was grown on the glass sub- 
strate 11. The glass substrate 11 was submerged in the 
liquid, mixture for 10 minutes to form an uneven surface 
45 43 on the top surface of the substrate 11 (Figure 4c). In 
this way the substrate 11 is provided with an uneven sur- 
face 43 on one side. 

The uneven surface 43 includes a plurality of 
grooves which consist of hills and valleys alternately re- 
so peated. The hills are 0.5 u,m with average pitches of 5 
um The uneven surface 43 is covered with a metal thin 
layer 44 by a vacuum method (Figure 4d). In this way a 
reflection plate 45 was obtained. 

The etching was continued for 1 2 minutes to form a 
55 reflection plate 46. This reflection plate 46 also includes 
hills and valleys alternately arranged wherein the hills 
were 0.8 ujn high, and the average pitches were 5 u/n 
on average. 
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Figure 5 shows the curves 55 and 56 of reflection 
characteristics of th reflection plates 45 and 46. The 
reflection characteristics wer measured by the same 
manner as described above with respect to Figure 2. The 
reflection plate 45 has a small reflectivity toward the nor- s 
mal to the reflection plate 55 when the incidence angle 
6 is small, whereas, when the incidence angle 9 is large, 
the reflectivity toward the normal is large. In contrast, it 
will be understood that the reflection plate 46 had the 
same reflection characteristics as those of the reference 
white plate (the magnesium oxide plate). In this way, by 
controlling a period of etching the reflectivity toward the 
normal can be increased as in the reflection plate 45, 
and the incidence light can be scattered in all directions 
as In the reflection plate 46. 

Figure 6 shows a cross-section of a reflective-type 
liquid crystal display device using the reflection plate 45. 
The device includes an active matrix substrate 20 and 
the reflection plate 45. The active matrix substrate 20 
includes a transparent plate 23 such as glass, thin film 
transistors (TFT) 24 formed on the substrate 20, and pix- 
el electrodes 25 connected to the TFTs 24. The pixel 
electrodes 25 and the TFT 24 are covered with an align- 
ment layer 26. The reflection plate 45 is covered with 
another alignment layer 27. A metal thin layer 44 of the 
reflection plate 45 functions as a counter electrode for 
the pixel electrodes 25 with a liquid crystal layer being 
interposed therebetween. 

The reference numeral 22 denotes a liquid crystal 
confining layer between the active matrix substrate 20 
and the reflection plate 45. For example, the liquid crystal 
confining layer 22 can be made by screen printing in an 
adhesive sealing agent containing spacers of 7 um After 
the liquid crystal confining layer 22 is formed, it is evac- 
uated to produce a vacuum inside. Then, liquid crystal is 
confined in the layer 22. In the illustrated embodiment, 
a guest-host liquid crystal (manufactured by E. Merck) 
with 5% chiral material (manufactured by E. Merck) was 
confined in the layer 22 as the liquid crystal layer 21 . 

Figure 7 shows the relationship between voltage 
and reflection characteristics of the finished reflective liq- 
uid crystal display device. The reflectivity was measured 
with the reflective liquid crystal display device placed at 
the position where the reflection plate 15 was placed in 
Figure 2. The vertical axis indicates the resistivity, and 
the horizontal axis indicates the applied voltage between 
the pixel electrode 25 and the metal thin layer 44 (coun- 
ter electrode). The resistivity of a light incident at an an- 
gle of 30° was measured by obtaining the ratio of the 
intensities of light diffusion along the respective normals 
to the reference white plate and the display device. As 
shown in Figure 7, the reflectivity when the voltage was 
applied was 50%, and the ratio of contrast was 27. 

In the illustrated embodiment, as the surface on 
which the metal thin layer 44 covering the reflection plate 
45 is positioned toward the liquid crystal layer 21, no par- 
allax is caused, thereby securing a satisfactory image 
representation. In addition, the metal thin layer 44 func- 
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tions as a counter electrod , thereby eliminating the ne- 
cessity of forming an extra count r electrode. Thus, th 
manufacturing proc ss is simplified. 

In addition, as shown in Figure 8, the color filter 28 
is provided in each pixel electrode 25, and a black mask 
29 is provided between the adjacent color filters 28. In 
this way the reflective-type liquid crystal display panel of 
the present invention can be easily adapted into a reflec- 
tive-type color liquid crystal display device. 

In the illustrated embodiment, the metal thin layer 
44 is formed after the oxide layers 1 2 and 42 are formed 
on the substrate 11 but it is possible to abrade the sub- 
strate 1 1 on which an oxide film is formed, and after etch- 
ing the abraded surface, to form the metal thin layer 44. 
Alternatively, it is possible to form an oxide film on the 
glass substrate 11 after it is abraded. 

It is understood that various other modifications will 
be apparent to and can be readily made by those skilled 
in the art without departing from the scope of this inven- 
tion. 



Claims 



2S 1. A method of producing a reflection plate (15; 45; 46) 
for a reflective-type liquid crystal display device, 
including preparing a glass substrate (11); 

characterised by growing an oxide layer (1 2; 
42) on a surface of the glass substrate, etching the 
30 oxide layer on the glass substrate so as to make said 
surface (13; 43) of the glass substrate* uneven, and 
forming a thin metal layer (14; 44) on the surface 
(13; 43) to form said reflection plate. 

35 2. A method as claimed in claim 1 1 wherein the oxide 
layer (12; 42) is formed by sputtering. 

3. A method as claimed in any preceding claim, 
wherein the uneven surface (1 3; 43) of the substrate 

40 (11) comprises a repetition of hills and valleys, the 
hills being arranged with a pitch not larger than 100 
jam. 

4. A method of producing a reflective-type liquid crystal 
45 display device comprising: 

forming a reflection plate (15; 45; 46) by the 
method as claimed in any preceding claim, and inter- 
posing a liquid crystal layer (21 ) between the reflec- 
tion plate and a transmissive substrate (20) includ- 
so jng pixel electrodes (25). 

5. A method as claimed in claim 4, wherein said sur- 
face (13; 43) on which the thin metal layer (14; 44) 
is formed is disposed toward the liquid crystal layer 

ss (21). 

6. A method as claimed in claim 5, further comprising 
connecting the thin metal layer (1 4; 44) as a counter 
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electrode for the pixel lectrodes (25). 



Patentanspru h 

1. Verfahren zum Herstellen einer Reflexionsplatte 
(15; 45; 46) fur eine reflektierende Flussigkri- 
staD-Anzeigevorrichtung, bei dem ein Glassubstrat 
(11) bereilgestellt wird; gekennzeichnet durch 
das Aufwachsen einer Oxidschicht (1 2; 42) auf eine 
Oberflache des Glassubstrats, ein Atzen der Oxid- 
schicht auf dem Glassubstrat, urn diese Flache (13; 
43) des Glassubstrats uneben zu machen, und ein 
Herstellen einer dunnen Metallschicht (14; 44) auf 
der Flache (13; 43) urn die Reflexionsplatte herzu- 
stellen. 

2. Verfahren nach Anspruch 1 , bei dem die Oxidschicht 
(12; 42) durch Sputtern hergestellt wird. 

3. Verfahren nach einem der vorstehenden Anspru- 
che, bei dem die unebene Flache (1 3; 43) des Sub- 
strats (11) eine Wiederholung von Hugeln und 
Talern aufweist, wobei die Hugel mit einer Schritt- 
weite nicht uber 100 u.m angeordnet sind. 

4. Verfahren zum Herstellen einer reflektierenden 
Flussigkristall-Anzeigevorrichtung, bei dem eine 
Reflexionsplatte (15; 45; 46) durch das Verfahren 
nach einem der vorstehenden Ansp ruche herge- 
stellt wird und eine FlOssigkristallschicht (21) zwi- 
schen der Reflexionsplatte und einem Pixelelektro- 
den (25) aufweisenden lichtdurchlassigen Substrat 
(20) eingefugt wird. 

5. Verfahren nach Anspruch 4, bei dem die Flache (1 3; 
43), auf derdiedunne Metallschicht (14; 44) herge- 
stellt wird, zur FlOssigkristallschicht (21) hin ange- 
ordnet wird. 

6. Verfahren nach Anspruch 5, bei dem ferner die 
dunne Metallschicht (1 4; 44) als Gegenelektrode fur 
die Pixelelektroden (25) angeschlossen wird. 



Revendlcations 

1. Precede de production d'une plaque refiechissante 
(15; 45; 46) pour un dispositif d'affichage a crista! 
liquide de type rSflechissant, consistant a preparer 
un substrat de verre (11), 

caract6ris6 en ce que Ton fait croitre une cou- 
che d'oxyde (12; 42) sur une surface du substrat de 
verre, on attaque la couch e d'oxyde sur le substrat 
de verre de maniere a rendre ladite surface (13; 43) 
du substrat de verre inegale et on forme une couche 
de metal mince (14; 44) sur la surface (13; 43) pour 
former ladite plaque refiechissante. 



2. Precede selon la revendication 1, dans lequel la 
couch d'oxyde (12; 42) stformee par pulverisation 
cathodique. 

5 3. Precede" selon I'une quelconque des revendications 
precedentes, dans lequel la surface inegale (1 3; 43) 
du substrat (11 ) comprend une repetition de collines 
et de vallees, les collines etant agencies avec un 
pas qui n'est pas superieur a 100 um 

10 

4. Precede" de production d'un dispositif d'affichage a 
cristal liquide de type r6flechissant comprenant : 

la formation d'une plaque refiechissante (15; 
45; 46) par le precede selon Pune quelconque 
is des-revendications precedentes et Interposition 
d'une couche de cristal liquide (21) entre la plaque 
refiechissante et un substrat de transmission (20) 
comprenant des electrodes de pixels (25). 

20 5. Precede selon la revendication 4, dans lequel ladite 
surface (1 3; 43) sur laquelle la mince couche metal- 
lique (14; 44) estformee est disposee vers la couche 
de cristal liquide (21). 

25 6. Precede selon la revendication 5, comprenant en 
outre la connection de la mince couche metallique 
(14; 44) en tant que contre-eiectrode pour les elec- 
trodes de pixels (25). 

30 
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